single-donor apheresis platelets will be needed to satisfy current patient demands for the following specific patients: i) neonates and pediatrics and ii) patients requiring HLA/HPA matched platelets. The model is financially driven and should help to reduce costs and to implement platelet-additive solution for all PCs. Basis of the model is the assumption that there is no difference in clinical efficacy between apheresis or buffy coat-pooled platelets [8] .
In Germany, health insurance companies are increasingly asking for a rationale when single-donor APCs instead of the less costly buffy coat PPCs are provided. This has become evident in a recent decision of the Federal Social Court (March 10, 2015; reference number B 1 KR 2/15 R). In this case, the statutory health insurance did not have to pay for the additional charge for APC transfusion in a cardiac surgery patient [10, 11] . One of the major consequences of a decreasing proportion of APCs used will be that the donor pool for APCs will decline. For Germany in 2010, a total of 36,791 multiple apheresis donors with on average 5 apheresis donations/year were reported [12] . Matching patients with the appropriate HLA/HPA-typed platelets in the future will only be feasible with a sufficiently large pool of apheresis donors.
The focus of this paper is to analyze consequences associated with potential shifts in the supply and use of PPCs and APCs in Germany based on model calculations.
Material and Methods

Model
A model was designed to identify the parameters which influence future PC supply and demand and the proportion of PPCs and APCs required ( fig. 1 ). German epidemiological data on PC demand, various aspects of PC production, and the special demand of specific patients for single-donor apheresis platelets were searched for by literature and desktop researches. Included issues of future PC production were amongst others donor availability, whole blood donations (WBDs) and apheresis donations, losses of WBDs due to buffy coat production, the size of the donor pool needed to provide sufficient HLA/HPAtyped platelets for specific patients, and rates of PC decay.
Model calculations from the societal perspective were conducted based on data from literature and desktop researches. An exemplary 1-year period was selected. The influence of the proportion in PPC and APC production on losses of quality and quantity of erythrocytes during buffy coat separation, on total PC decay at the producer, and on the availability of HLA/HPA typed donors was estimated. RBCCs, the size of the donor pool needed to provide sufficient HLA/HPA-typed platelets for specific patients, and the decay of PCs at the producer. Aspects of the demand of specific patients for APCs are the epidemiology of alloimmunization and FNAIT, the demand in pediatrics, and possible advantages of single-donor APCs for hemato-oncological patients.
Model Input
PubMed was searched for data on PC supply and demand, on PPC and APC production and transfusion, on platelet refractoriness, on FNAIT, on HLA matching, and on platelet transfusions in hemato-oncological patients. The following searches were conducted: ('Platelet Transfusion/statistics and numerical data' . In addition, free search terms, e.g. 'pooled platelets' AND 'apheresis platelets' as well as 'hematological malignancies' AND 'platelet transfusion', were applied. Each search was done for the last 10 years. Citations of identified journal articles were searched for further relevant publications. Desktop researches, predominantly internet searches for existing data, were performed. Model input data identified for calculations: Data from the Paul-Ehrlich-Institute (PEI) for the year 2013 on the production of PPCs and APCs in Germany were used [13] . Estimated losses of erythrocytes during production of PPCs were taken from the literature [14] .
Assumptions
The following assumptions were made: i) There is no difference reported between PPCs and APCs concerning clinical efficacy [1, 2, 8, 15] . ii) Four WBDs are needed for the production of 4 buffy coats to obtain 1 PPC [15] [16] [17] . iii) During buffy coat-derived PPC production from WBDs, a proportion of erythrocytes is lost or damaged. The estimated loss of erythrocytes amounts to 5-10% of the WBDs used [14] . WBDs are used for the production of RBCCs. In Germany, the yield of annual RBCCs from the annual WBDs in 2013 was 94.4% (table 2) . Estimated losses in WBDs are converted in estimated final losses of RBCCs. iv) The decay rate at the producer for PPCs and APCs remains approximately stable as in 2013 (table 2) [13] v) APCs will continue to be needed for neonates, pediatric patients, and for patients requiring HLA/HPA matched platelets [2-4, 6, 7] .
Base Case
The model calculations for the base case describe the current situation for PPC/APC production in Germany. Base case calculations are based on data from the PEI for the year 2013 (table 2) [13] .
Scenarios
Different scenarios were calculated. Proportions of PPCs were assumed to be 10% up to 100% of total PCs produced using the data from the PEI for the year 2013 [13] .
Model Output
Model output is expressed as number of WBDs needed for the production of the corresponding amounts of PPCs, as percentage of annual WBDs used for production of PPCs, as the estimated number of WBDs lost annually due to the production of PPCs, as the estimated number of the calculated corresponding RBCCs lost annually, as the estimated percentage of annual RBCCs lost, and as the estimated decay of PCs at the producer in number of PCs and in percent of total PCs produced annually. The expected impact of changes in the proportion of PPCs produced on the pool of HLA/HPA-typed apheresis donors is addressed.
Results
In 2013, a total of 888,912 WBDs were used to produce 222,228 buffy coat-derived PPCs in Germany. This corresponds to 19.2% of annual WBDs. The losses of erythrocytes in these WBDs used for buffy coat PPC production were estimated to amount to 44,446-88,891 WBDs. This corresponds to 41,957-83,913 RBCCs, which is an estimated percentage of annual RBCCs lost in Germany of approximately 1-2%.
Calculations for different scenarios with a proportion of 10% up to 100% PPCs produced were conducted (table 3) . Up to a proportion of 20% PPCs, no more than 10% of annual WBDs are used for buffy coat PPC production. The estimated percentage of annual RBCCs lost is 1% or below. The total decay of PCs at the producer is below 40,000 PCs (<7% of total PCs produced). With 60% PPCs produced, the estimated percentage of annual RBCCs lost increases up to 3.0%. This corresponds to an estimated number of more than 130,000 RBCCs lost annually. A total of 54,189 PCs (9.4% of total PCs produced) are lost due to decay at the producer. HLA/HPAtyped apheresis donors are reduced. With a change to 100% PPCs, overall 50% of annual WBDs have to be used for buffy coat production. This leads to an estimated percentage up to 5% of annual RBCCs lost and corresponds to an estimated number of more than 200,000 RBCCs lost annually. The number of PCs lost due to decay at the producer increases up to 69,022 (11.95% of total PCs produced). In addition, the pool of HLA/HPA-typed apheresis donors disappears.
Discussion
Available data for Germany indicate that both types of platelet concentrates, buffy coat-derived PPCs as well as single-donor APCs, are needed to meet the requirements of a flexible and sufficient supply for all kinds of patients [16, 17] . Likewise, in 2011 the German Society for Transfusion Medicine and Immune Hematology already recommended to provide both types of platelets to avoid the hazards of critical shortage in platelet supply [18] . In this context extensive elaborations have been published on different aspects of the PC supply in Germany, e.g., on the quality of APCs compared to PPCs, on reimbursement, on the advantages of decentralized small apheresis donation units close to the hospital, or on the general possibility to shift the total supply to APCs but not to PPCs [11, [15] [16] [17] [19] [20] [21] . Still the question on the optimal proportion of PPC/APC production for Germany has not been answered. 
Shifting the Supply from APCs to PPCs
Ongoing discussions on increased cost of APCs over PPCs might lead to a potential shift in APC supply towards PPCs. In 2013, the proportion of APCs produced was 61.5% in Germany, 80.7% in the UK, and 48.4% in France (table 1) . Mainly driven by financial arguments the NHSBT has recommended in 2014 to reduce APC production stepwise to 60% of the overall platelet provision by the end of 2015/2016. In the UK, it has been estimated that only about 40% of APCs will be needed in the future for specific patients requiring HLA/HPA-matched platelets. However, one might speculate that the target 60% instead of 40% includes an ample safety margin to avoid risks on the side of the apheresis donor pool [8, 9] .
To capture the consequences of changes in PPC/APC production in Germany we designed a comprehensive model. The base case describes the current situation of PPC/APC production in Germany with a proportion of 61.5% APCs in 2013 [13] . For the production of 222,228 buffy coat-derived PPCs, a total of 19.2% of the annual WBDs are used. During production of buffy coats for PPCs red blood cells are lost. In total, the calculated losses amount to 1-2% of all RBCCs which were donated that year. In scenario calculations we varied the proportion of APC/PPC provision. In case the proportion of APCs is lowered to 40% as has been recommended for the UK, the estimated loss of annual RBCCs during the production process of the 60% PPCs will increase up to 3%. This corresponds to an estimated number of more than 130,000 RBCCs lost annually, 1.6 times as much as in the base case. Calculations with the assumption of stable decay rates at the producer result in an increase of PC decay from 46,218 PCs (8.0%) for the base case to 54,189 PCs (9.4%) with 60% PPCs.
Development of the Supply with WBDs
In Germany, WBDs decreased from 2011 to 2012 by 3.2% and from 2012 to 2013 by 2.9% [13] . A concomitant reduction in RBCC consumption from 2010 to 2011 by 1.3%, from 2011 to 2012 by 2.2%, and from 2012 to 2013 by 6.5% was observed, presumably due to a more restrictive use of blood products and the introduction of the concept of 'patient blood management' [22] . Simultaneously, the number of WBDs per 1,000 inhabitants has decreased from 2011 to 2013 from 61 to 57, whereas the number of apheresis donations per 1,000 inhabitants still increased from 2011 to 2013 from 33 to 34 [13] . This indicates, in accordance with the predicted donor development in Germany in the upcoming years, that the restrictive use in blood products might not be sufficient to balance the decrease in WBDs and the subsequent decrease in the production of RBCCs in the future [12] . Expected demographic changes will lead to an aging population with a decreasing number of donors while an increasing number of cancer cases will increase the demand for blood products, especially PCs [23] [24] [25] . The shrinking process in the donor population has been predicted to accelerate, in particular after 2015 [23] .
Supply with HLA/HPA-Typed Platelets HLA/HPA-typed apheresis concentrates are indicated for transfusion refractory patients due to HLA antibodies and FNAIT [2, 3, 6, 16, 17] . The shift to PPCs will lead to shrinkage of the HLA/ HPA-typed apheresis donor pool. This will be due to a decreased demand of apheresis donations and reduced recruitment of new apheresis donors. Currently, each apheresis center caring for these patients has built up a sufficiently large pool of donors to allow for timely delivery of matched APCs even for rare constellations. However, the number of apheresis donors needed to supply immediate HLA-matched APCs has not been defined. Therefore, it has not been incorporated into the model. It is obvious that substantial problems in achieving the supply of matched APCs can occur.
Major Use of Platelet Transfusions in Hemato-Oncological Patients
Few studies have been published so far on the epidemiology of PC use in terms of distribution of PCs to different patient groups evaluating the need for PPCs or APCs, [26] . One German singlecenter study showed that 56.6% of all PC transfusions (data for . Total production of PCs was 577,593 units [13] . It is assumed that losses of erythrocytes due to production of buffy coats for PPC production from WBDs amount to 5-10% of the WBDs used [14] . The number of WBDs lost annually, as well as the corresponding number of RBCs otherwise produced from these WBDs can be calculated. As a function of the proportion of PPCs produced the percentage of WBDs used for production of PPCs changes. As a result also the estimated number and percentage of annual RBCs lost due to production of buffy coat derived PPCs are changed. Due to different rates of decay at the producer for PPCs and APCs the overall rate of platelet concentrate decay changes as well (table 2) .
2011, apheresis only) were given to patients over 50 years of age. Hemato-oncological patients comprised 37.1% of all cases and received 50.9% of transfused units of PCs [27] . A study on PC use in the North of England in 2012 showed similarly that 60.5% of PC transfusions were given to hemato-oncological patients. The median age of PC recipients was 57 years [28] . In our hospital, a total of 10,071 APCs were transfused in 2014 to 1,684 patients, thereof 5,613 APCs to 538 hemato-oncological patients (data on file, Department of Transfusion Medicine, Cell Therapeutics and Hemostaseology, University Hospital of Munich, ). A survey of the PEI regarding indications for PC transfusions in 2011 and 2012 showed that approximately 75% of all PCs were transfused in hemato-oncological departments including pediatric divisions [16, 17] .
Immunosuppressed hemato-oncological patients require frequent PC transfusions and are prone to infections, allergic reactions, and alloimmunization [6] . Therefore, special subgroups of these patients, e.g. multitransfused leukemia patients or allogeneic hematopoietic stem cell transplantation recipients, might benefit from the use of APCs because of the lower exposure to antigens from a single donor with a possibly lower risk of allergic reactions and alloimmunization. However, prospective comparative studies on the use of APCs and PPCs in subgroups of these patients are currently rare or not available [5, 29] .
Limitations of the Model and Future Challenges
The model was designed in a conservative way to avoid overestimations. Model assumptions were based on the scarce data published due to the lack of comprehensive evidence-based data. In consequence the following limitations arise and should be taken into consideration when interpreting the presented results: It was assumed that 4 WBDs are needed to obtain 1 PPC, even though for a certain percentage of the PPCs 5 or 6 buffy coats may be pooled. Due to the lack of representative information on the real number of WBDs used in Germany for the production of PPCs it might be possible, that the amount of red blood cells lost is higher than calculated in the model. Due to a lack of data, it was assumed on the basis of a published estimation that the loss of erythrocytes amounts to 5-10% of the WBDs used for PPC production. Therefore, the model can only give a range of the corresponding WBDs and RBCCs lost annually. The real number might be even higher. The decay rate at the producer for PPCs and APCs was assumed to remain stable. However, it might as well be the case that decay rates of PPCs decrease and decay rates of APCs increase when the proportion of PPCs to APCs changes to a preponderance of PPCs. Scientific papers have been published in the literature regarding risks of PPCs and APCs for recipients and donors [11, [15] [16] [17] [19] [20] [21] . The various safety aspects were not considered in the model. A comprehensive model should include data on efficacy and effectiveness of PPCs and APCs. However, so far no prospective randomized studies on clinical efficacy or comparative observational studies on the effectiveness of buffy coat PPCs and single-donor APCs have been published.
Conclusion
In conclusion, model calculations were provided to increase transparency on the sensitiveness in the context of blood production and blood supply. The impact of shifts in the production of PPCs and APCs on blood product supply in Germany was chosen as an example. To predict the optimal proportion of pooled PCs and single-donor apheresis PCs, reliable data are needed on PPC production, loss of erythrocytes, future PC demand, donor availability and future donations, donor pool required for HLA/HPA typed apheresis platelets, decay of pooled PCs and apheresis PCs, and demand of single-donor apheresis PCs for specific patients.
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